SUMMARY To determine the predictive accuracy of fluoroscopically detected coronary artery calcification (CAC) and a positive submaximal exercise test, 129 asymptomatic men were screened; 13 had both coronary artery calcification and positive exercise test (2 1.0 mm ST-segment depression). These 13 men were studied at coronary arteriography. They had a mean age of 44 years (range 41-56 years); none had history or symptoms of heart disease and all had normal resting ECGs at entry.
tion of the circumflex branch of the left coronary artery in con SUMMARY To determine the predictive accuracy of fluoroscopically detected coronary artery calcification (CAC) and a positive submaximal exercise test, 129 asymptomatic men were screened; 13 had both coronary artery calcification and positive exercise test (2 1.0 mm ST-segment depression). These 13 men were studied at coronary arteriography. They had a mean age of 44 years (range 41-56 years); none had history or symptoms of heart disease and all had normal resting ECGs at entry. CAC was detected in one artery in 10 men, in two arteries in two men, and in three arteries in one man. Coronary artery disease (CAD) was considered clinically significant if any major coronary branch was narrowed > 50%. Coronary arteriography revealed 12 men with clinically significant CAD (one-vessel CAD in four, two-vessel CAD in five and three-vessel CAD in three men) and one man with minor one-vessel CAD. The predictive accuracy was 100% for minor CAD and 92% for clinically significant CAD. The location of CAC and CAD correlated, but the absence of CAC did not rule out the presence of CAD at coronary arteriography. Furthermore, CAC did not indicate the location of the highest stenotic (most occlusive) lesions seen at arteriography. Follow-up for the 13 patients was 36 months; three patients developed typical angina and one patient developed a transmural myocardial infarction.
This study suggests that the predictive accuracy of CAC and a positive exercise test in the middle-aged nonhyperlipidemic asymptomatic male is very high (100% for CAD and 92% for clinically significant CAD) and that CAC and a positive exercise test predict an early appearance of angina or myocardial infarction in previously asymptomatic men.
THE EMPHASIS on early diagnosis and prevention of ischemic heart disease has stimulated a search for reliable noninvasive methods of detection.1 3 Risk factor screening and resting ECGs are useful in epidemiologic and mass screening programs but are not diagnostically helpful in the asymptomatic subject.
Although exercise electrocardiography4`6 is widely used as a noninvasive procedure to diagnose coronary artery disease, the large proportion of false-positive and false-negative results precludes its use as a standard screening device in the asymptomatic person.7-9 Clinical or laboratory markers that might identify those with asymptomatic coronary artery disease would be useful. Previous reports have established the positive relationship between the presence of coronary calcification on fluoroscopy and angiographically demonstrated coronary artery disease in symptomatic patients. In this study we used exercise electrocardiography and cardiac fluoroscopy to screen asymptomatic subjects as part of a prospective clinical research protocol. This report presents the value of combining the electrocardiographic response to exercise and fluoroscopically detected coronary artery calcification in asymptomatic subjects and the clinical course of asymptomatic subjects that have both an abnormal electrocardiographic response to exercise and coronary artery calcification on fluoroscopy.
Materials and Methods
The study group of 129 middle-aged males volunteered for two-part examinations consisting of (1) cardiac fluoroscopy and a submaximal exercise stress test; and (2) cardiac catheterization in subjects who had coronary artery calcification on fluoroscopy and an abnormal electrocardiographic response to sub-maximal exercise. In addition, complete clinical follow-up information was gathered in the cohort population.
This prospective research protocol was reviewed and approved by the Yale University School of Medicine Human Investigation Committee. All volunteers gave informed consent before they were included in this study. No Exercise testing was completed on a bicycle ergometer according to a method previously described. 15 We attempted to exercise each subject to 90% of his agepredicted maximal heart rate. Premature termination of the exercise test most often resulted from fatigue, dyspnea or leg pain. No subject had severe anginal pain or electrocardiographic ST-segment depression greater than 3 mm from baseline. One person was asked to stop when premature ventricular complexes appeared in pairs. All ECGs were reviewed by one of the investigators, who had no knowledge of the cardiac fluoroscopic findings. An abnormal exercise electrocardiographic response was defined as equal to or greater than 1 mm of horizontal or downsloping STsegment depression in any of the four continuously recorded leads. These leads included three orthogonal and a bipolar V5 (CC5). We required that these abnormalities be present during or immediately after exercise and persist for at least 2 minutes in the recovery period. One hundred eight of the original 129 subjects completed the submaximal exercise protocol by achieving at least 90% of their age-predicted maximal heart rate; these subjects make up the cohort population for this study.
Cardiac Catheterization
Cardiac catheterization was performed on all 13 subjects who demonstrated both coronary artery calcification on fluoroscopy and a positive exercise stress test. This study included routine hemodynamic measurements; a single-plane, 300 right anterior oblique, left ventriculogram; and selective coronary arteriography. This procedure was performed only in subjects who had both coronary artery calcification on fluoroscopy and an abnormal exercise ECG. All of these subjects had a cardiac catheterization an average of 8 months (range 5-12 months) after entering into the study.
Coronary artery disease was considered present when any major coronary artery (left anterior descending, circumflex or right coronary artery) or their respective large branches had at least a 30% discrete or diffuse reduction in caliber. Arterial stenoses were estimated by percent of narrowing of the vessel. Significant coronary artery disease was considered present if at least one major coronary artery or one of its major branches had a 50% or greater obstruction; insignificant coronary artery disease was present if the narrowing was 30-50%.
All angiographic data were read independently by the attending cardiologist and by one of the authors. When differences in interpretation occurred, the angiograms were reevaluated and a consensus was reached. Follow-up Since the initiation of this protocol in September 1976, all subjects were interviewed every 12 months. A detailed questionnaire was answered, with specific questions regarding the appearance of angina pectoris, myocardial infarction and congestive heart failure.
Subjects with coronary calcification on fluoroscopy and an abnormal exercise ECG were interviewed at 6-month intervals. In addition, follow-up physical examinations, resting ECGs and exercise stress tests were performed at yearly intervals.
Angina pectoris was defined as: (1) definite -a substernal, shoulder, jaw or arm discomfort precipitated by exertion, relieved by rest and/or nitroglycerin in less than 10 minutes, and with a typical radiation; (2) probable -having most of the features of classic angina but in some aspects not entirely typical; and (3) probably not angina -a constellation of symptoms that did not fit the description of definite angina.
Myocardial infarction was diagnosed if there was a history of myocardial infarction in which the hospital records, including information on cardiac enzymes and copies of the ECG were available. Probable myocardial infarction was diagnosed if the history was positive for electrocardiographic and enzyme changes (records not available), the patient had been hospitalized for longer than 2 weeks, but the current ECG did not show definite myocardial infarction, or there was no clear history of myocardial infarction but the current ECG showed previous myocardial infarction.
Congestive heart failure was diagnosed if there were clinical symptoms and/or radiographic signs of pulmonary congestion or evidence of elevated systemic venous pressure, congestive hepatomegaly, ascites or peripheral edema. An associated ventricular gallop, although often present, was not required. Population The mean age of the 108 men was 46 years (range 40-64 years). Of these 108 subjects, 85 (79%) had a history of smoking and 35 (32%) had a positive family history for ischemic heart disease. Eighteen subjects (16%) had hypertension; 45 (41%) were obese; two (1.8%) had diabetes mellitus; and eight (7%) had hyperlipidemia. The resting ECG was normal in 92 (85%) of the subjects and it revealed minimal, nonspecific ST-T-wave changes in 16 (15%) subjects. Only four of the 108 men (4%) had a previous exercise stress test as part of a routine annual physical examination and none had any abnormalities.
Analysis of Data and Statistical Methods
Predictive accuracy was obtained using the formula True positive tests True positive + false positive tests and was expressed as percent.
Chi-square analysis was used to examine all data. Uncorrected chi-square values were used in all instances, except for the 2 Thirteen of the original 108 subjects had at least one calcified coronary artery on fluoroscopy and an abnormal exercise ECG. These 13 men had a mean age of 44 years (range 41-56 years); eight (6 1%) had a history of smoking and seven (54%) had a positive history of ischemic heart disease in their family. None had hypertension and three (23%) had hyperlipidemia.
Coronary artery calcification was detected in one artery in 10 subjects; in two arteries in two subjects; and in all three arteries in only one subject. The distribution of calcification in the coronary tree followed the general trend seen in the overall group of 108 subjects. The Abbreviations: Ab ET = abnormal exercise test; +Ca = coronary calcification; -Ca = no coronary calcification; NET = normal exercise test. period in the 13 asymptomatic men who had coronary artery calcification on cardiac fluoroscopy and an abnormal exercise ECG. Exercise-induced chest pain and the magnitude of exercise-induced ST-segment depression were not predictive of angina pectoris or the development of myocardial infarction in this group.
Discussion
Coronary Artery Calcification as a Predictor of Coronary Artery Disease Despite considerable evidence from clinical and postmortem results that suggest the diagnostic value of detecting coronary artery calcification on fluoroscopy, only a few studies'0' 11, 17 have correlated cardiac fluoroscopy with coronary arteriographic findings. Data derived from symptomatic patients undergoing cardiac catheterization indicated that approximately 90% of patients with coronary calcifications on fluoroscopy have significant coronary artery disease.10 11 17 In a subgroup of 93 asymptomatic patients from 181 type II hyperlipoproteinemic patients, Aldrich et al.17 found that the predictive accuracy of coronary artery calcifications to detect significant coronary artery disease was 46%. However, the predictive accuracy of a particular diagnostic test is largely determined by the prevalence of disease in the tested population.
Abnormal Exercise Test as a Predictor of Coronary Artery Disease
Since Master completed his pioneering studies on the use of exercise to induce electrocardiographic evidence of myocardial ischemia in the early 1940s, stress testing has been used widely as a simple, noninvasive method for diagnosis of coronary artery disease. Angiographic studies have confirmed its diagnostic accuracy in predicting coronary artery disease in symptomatic populations. '8 20 However, investigators2" 22 Arteriographic data for combinations of cardiac fluoroscopy and exercise testing were reported by Aldrich et al.'7 in type II hyperlipoproteinemic patients. They reported that the predictive accuracy to detect coronary artery disease when both tests were abnormal was 75% or higher, regardless of symptomatic status. When their asymptomatic group was considered alone, the predictive accuracy was still very high (82%).
The present study reports similar findings, but the cohort population was asymptomatic and had no coronary risk factors. In 13 asymptomatic males with both coronary artery calcifications on fluoroscopy and abnormal submaximal exercise stress test, the predictive accuracy was 92% if coronary arterial lesions that caused greater than 50% stenosis were considered as evidence of coronary artery disease. However, if the angiographic criteria for coronary artery disease was modified to include any irregularity in the course of the major coronary arteries on angiography, the predictive accuracy was 100%. These findings are not surprising if a quantitative estimate of the diagnostic potential of this approach is made. The combined use of cardiac fluoroscopy and exercise testing may substantially enhance diagnostic reliability when test results are concordant. 23 Aldrich et al.'7 selected 181 patients from a National Heart, Lung, and Blood Institutes Type II Coronary Intervention Program. All those patients had type II hyperlipoproteinemia. Sixty-one patients (33%) had clinical evidence of ischemic heart disease (typical angina pectoris, myocardial infarction or both) and 27 (15%) had clinical manifestations suggestive of ischemic heart disease (atypical chest pain). The major criticism of that study is that they studied and reported on a highly selected population that may not resemble the general population. The authors defended their study by pointing out that although their patient population was selected, no clinical study is totally unselected. They indicated that because their patients were young (below 55 years of age), did not have hypertension or diabetes and most were not highly symptomatic, that their population was appropriate for testing reliability of noninvasive techniques.
The present study has overcome the major deficits of the study of Hudson and Walker,28 who reported epidemiologic data relating to coronary artery calcifications and survival, failed to demonstrate a significant difference in survival between patients with coronary calcification and those without; but this study did have major deficits (population age -85% were older than 60 years; failure to identify cause of death; and relating mortality to coronary results).
To our knowledge, no comparable studies in an asymptomatic population have been made. Definite and probable angina pectoris occurred in five of the 13 subjects with coronary calcification and abnormal exercise tests over the 36 months follow-up period. Furthermore, one of these 13 had a myocardial infarction during follow-up. Therefore, the calculated incidence of future coronary events over 36 months in this population with coronary calcifications and abnormal exercise test is 45%, which is higher than expected from previous epidemiologic studies. [24] [25] [26] [27] Thus, the results from this small population sample suggest that the addition of cardiac fluoroscopy to submaximal exercise stress test could improve the low predictive value of exercise testing alone in larger epidemiologic and clinical studies.
A criticism to our follow-up data is obvious. Angina pectoris is a very subjective endpoint. Furthermore, our methodologic study design required a more frequent follow-up interview for subjects who had both tests positive than for the rest. Thus, the search for angina may have been subconsciously more diligent in this group, and a bias could have been introduced in this study. 
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